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1.1 X5k

A0 S R T T A U il K A T R 1828 U/
mg; F LS, W A R EETT XU A2 R B A BR 2
Al GREREE . BRIRE N B SN IIOK B,
Wy [ KR IR0 A BR A 7 iR, 1A H
R Al TR A PR | s B, W il sk it
VU AL T A PR | 5 Bt R A B 2R R L W [ B
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AEARHE AR E] P, W B KE R
R BRE, WA REAADCE R R RARAF . BT
ARG R 3 2l

XT 220A K5 % WL+ K °F. Z-16K¥% U & 0
BL. UV-2550 %5 51 - 0] UL 43 5% 5% BE 1| PerkinElmer
Spectrum Two [H L AR 2T AMETEAL . JEM-2100 %l
5 5L T AR L SU1S10 3 L 7 BT . TGL-16
EE AR ELOHL . HWS24 H BV IR K 75 .
1.2 ZLRERL BRI

10 mL 2.0 45 W LA 6 mL 100 mmol/L f iR £h
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fif F11200 L 200 mmol/L 4: J& £ ¥ W (CaCl,, ZnSO,,
MnSO,, CuSO,), 82], Zild FAE 24 h. B0, 7508
IKBES 3R, T, WsE 2L AN i .

1.3 L R B 3T 2L BE A B MR R0

1301 I B TR X 4 A g s 47 2 114 5 i

R T AR AE A OIS T], FRE0.002 g 24 fht
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mL 10 mmol/LAZHE FR Xl FE AR (P-NPP), 76 2
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S Z2AE 400 nm &b 1 IR AE, 0 R B A R s
I‘ETJ[%].

1.3.2 S BE X A A g 0y Tl 7% 2 114 52 i
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W SCAE , B Fe e R IR
1.3.3 pHAEXS A0 7 T 7 114 52 i)

TR pH AL SR 5, FRE0.002 ¢ 4%
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A IGAE , 0 U e pHE .
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PBSHRAEVAT , 75270 nm FiEWELE , Ay o W
BRI S i DT AR B SR R AR B s AR £ 15
FNZEMERIH TR : y = 0.2919x + 0.0683. 735l 5 A
Ivi] 4 J 5 - 1 52 ALl S N B 3 WAE 270 nm Ab Y
R, AREBRE I 2Rty B A v i S

RV ARG R a3 (D) AR Rt ) 25 2 A e
Ui 23 N I i ) A 2.
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1.8 ZLBERAERES 15T

B2 mg 2k, BT 4 mLE.DAE T, mEODAE
R B 2.8 mL 100 mmol/L [ PBS 25 /A (pH
8) F10.2 mLIYIEY), IRGIRA], HE LA E T 40 C
(R 7K B A0 R SN 10 min J , B 040 5 [mTii Z= AL il
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U E A A B RS 72 SN 100%. HA U
SE 2 PR S, AR At 2

2 #BERETE

2.1 ZLAERREERAE
2.1.1 Z+{L IR BRET A TE FRAE

ST LT A3 B T A 28 A A il b 2
(AR 4K . &1 1(a) T i 25 B 17 il #F 1415~1657 cm’™
AR T 3 AR AR 06 2 SO EE S HL B Jo S ) AR
11 -NH, F1C = 0; 3000~3200 em™ 404 T 1758 A HRAE
U 5 J& T -CH, F1-CH,. & 1(b) >4 Ca i i il 2% 1k 44
KAE(Ca/hNF), 590 25 A5 I AR L FE 928~1091 em™
A IEE 3 224 P— O R S AR AR RRAE 06, AH X5 /N
() B TE 554~643 em™ J2& PO, Y 5% FR G Bk e
A5PR 2h 55 MG, SIEBR T E 2% AR AR IV i B R AR 1)
TEAE ; Ca/hNF (AR IEAE 1642 F13000~3200 em™ A
JIr kg it , 2% B9 5 N 7 Tl % 1 5 7 Ca/hNF M, 1538
F11425 em™ A AYBERASRIEIETE 2% , BERTE 2L TR

110
(a)

100l (b)

90 -

T %

80 -

60 1 1 1
4000 3000 2000 1000

-1
Wavenumber/cm

K1 I B AR TR AN AL G K AE RIS 2L T
Fig.1 Fourier infrared spectroscopy of free-lipase and Ca/hNF
(a): free-lipase; (b): Ca/hNF
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Fig.2 Fourier infrared spectroscopy of hybrid lipases
(a): Ca/hNF; (b): Zn/hNF; (¢): Mn/hNF; (d): Cu/hNF
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JZHRGER , FF—IKAEBI RN A T pm, 3B S H
TR R 3 () HE—2F on X AR S5, Ca/
hNF N2 RGER , v LE 34 R Eh B TR 1AE
BABKM LRI, BOH] T i858 i [ e 1L i
A LI 25 il 2 B IR 6 L A, S T R
fitf 53 1% Z= AL Y [ A 0, 7 CLSM BT 3(d) &
G nT DU 2 USRS N I B 1 OB iR, dE—25
VA i 7 BETE Ca/hNF 833 ] 7 .
22 {4 R RS xT 2k AR RS RO NE
2.2.1 J5 0 i [ ek 2 A g P it 1 44 ) 5 e

5 5% N I [R) X6} Zi AR R A M s i, A
FE 2 AR SN % . NI 4TI Y 4 B Lip-hNF 7E
JZ IV 1~10 min P IR SEAELAE W AAR 22 Hh i i i 34 i 4
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Fig.3 Electron microscopic scan of Ca/hNF
(a),(b): SEM; (¢): TEM; (d): CLSM
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1 7K i 33 2 B K T Zn/hNF . Mn/hNF 1 Cu/hNF. [H

1, 2 AR EEAEAL K S AR R I S WS TE] 2 10 min.
2.2.2 S EE X AR W Tt A
S0 B 2 5 Wi 2y A e ) A A 16 P R R AR
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Fig.4 Effects of different reaction times on enzyme activity of

hybrid enzymes
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Fig.5 Effects of different reaction temperatures on enzyme

activity of hybrid enzymes
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BB S5 F N K sk SR dic i, AE pHAE Ry 7~8 JE RN,
F AR (%) 7K fift 7= 0 SN AR 22 b 1 ik B B 2 pHLAE
rysE N, 2R EAREH(P<0.01). Ca/hNF, Zn/
hNF 75 25 s i pH {9 10 B 9 K A 35 P 53 591 g B¢
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Fig.6 Effects of different pH on enzyme activity of hybrid

enzymes
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pH (AR TR, AR e MR e fd: 5 pH 9 57.49% F1I
58.98%. TI A4St AN [) b 4 I 125 AN 23 AR TK i
IO ) A pH AW . 5 Zhang 25" 4 4 Zn/hNF 5 $AH
AR kas . nTLUE Y, Y pH AN 8 AL B A 7%
R, FAER SRR pH 25T, HAR LS5 F 1))
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BRE 7 R . Hi Ca/hNF 942 3 %8 4 95.78%,
K T H 4 3 F Lip-hNF, Mn/hNF o [ 5 g 1 i (1)
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Fig.7 Encapsulation rate of hybrid lipases

91.89%. Z2 L) B RARYE 4 8 B F 1A, 42
HRTO I 24 5 (P<0.01), KT 90%, RBLH K1t
I (&
2.4 ZAL RS RAEGEERE NIE

[ 22 AL Tl 25 5 IS W 42 i 22 38 R, 308 5 Vi S
I Tt 0 [ A )5 T 2 TR, R MR PR [ AL
() —~ B AR . 25 AR 8 B | LB K s
PEYS R T 2 BT, 305 DA = AR AR A vk h =
Ca/hNF >Zn/hNF >Mn/hNF >Cu/hNF. H: ' Ca/hNF 14
Tt 5 oA Ui 5 U TS M B 187%, Zn/hNF Y i 36 A
U B3 N IS 1 1Y 148% , Mn/hNF (TS Al 25 i
U5 B % P 0 137% , Cu/hNF A4 SR 3% 125 16 6 3% 2 )

1 1 1 1 1
300 350 400 450 500
Wavenumber/nm

K18 LR K I S AL 1A
Fig.8 UV spectrum of hybrid lipases hydrolyzed substrate

108%. MAERMIIK P, 48 B+ Beid i Uhs A B
YER 587 TIENE G, X224 BT B e .
AN T) 45 T B8 1 2% ARt 0% 1 448 i 1) DA PR ] AU A
1o ) LR TR R s M e, Horp Ca™ MR R A
Yk —FhEZ TR, S 5EA AR
X FRR B MO AER, (13 T2 5 5IEY
Ffil, 2 i A ARl ) f A b TR
25 ZALASREEE AR R R B F 54

h T 2 T IR AR AR, IR TR R
Ji A1 Ca/hNF . Zn/hNF . Mo/hNF . Cu/hNF B35l J12%
SR, SR ME PR .

K 838 % T oEb 2 /0. 321 BRI

F1 =B RIS BN N FESH
Table 1 Kinetic parameters of free lipase and Lip-hNF

Types of lipases K,/(mmol L")

V,/(mmol-L™"*min™") K, /K,/(mmol+ L™ *min™")

Free lipase 1.362
Ca/hNF 3.476
Zn/hNF 4.093
Mn/hNF 4271
Cu/hNF 4972

0.117 0.0086
0.323 0.0093
0.372 0.0091
0.381 0.0089
0.438 0.0088

U T 1 K, (BN T 2 AR T, % BH RS 4 R I g =[]
OE AT N S 1) O N
Ca/hNF 1 K, B2 /N F Ho B 3 F Lip-hNF. 251117, 32
FR) Vo 2 W 20 A T AFT T T 07 125 i P il L A v 1Y)

TEALRCR . KK, H TR AR i i AL R0R , BFR
RS R, RRAE LR A SRR IC P S AN T Al
AL RE 711, 4 Fh Lip-hNF B 52 1 ¥ % K, /K, )\ &5
FIMERAYIIFEH A : Ca/hNF >Zn/hNF >Mn/hNF >Cu/
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hNF. 50 25 B Wil AH L, 24 1R migny v, /K, (8 & T
SR DT, U P A A A A AR R T R AR
i, 2R ARG K, (B AL R 5 Li %2 R Talbert
233 i 8 0 2R A 4 K 6 2 B [ A a3, [ Ak
it K, KTl 2 BR W , (D2 K. /K, & T
SRR, 3X 7T e 5 R W AN K AL A R 1 AR AR G5
Jir HA s LRI AU 56 SRR AEIR I 24 1k
Tl il 0 W15 A R T K S S 0 3 23R 1 7 w17
MR
2.6 Z:AVRERAEEMm 2

ZARBERT T AR PRI 52 AN 9 R, T H i
i 327 i K FN /N A - Ca/hNF > Zn/hNF > Mo/hNF >
Cu/hNF; X} £, P 1) it 52 Pt K & /N 4« Ca/hNF >
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TE90% LA I, Xt PR 2 0Tt 32 P B K& /N Ca/hNF >
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Fig.9 Tolerance of hybrid lipases to different denaturing agents

Zn/hNF > Cu/hNF > Mn/hNF. 2538 5o 22 4L i 75
AR R e RAF K AT A, XTI 3 A AR T
FI A 32 M R BRI S IR > S BE >
Mg, 76 PR R P IR 0 M 3 o T A 3 Rl 2Ll
(P<0.01).

2.7 FMLBERRERE S FI A%

Re i &R, B A0 E E T DIk K
R A, 7 RAE Tl B, 22 kg aT
B O EE M. E 0 Ps, FEEE A
3G, 4 Lip-hNF (3G A REARHFAE 60% LA I,
B R .

il 5 B 2 A Tl A -5 At g 8 [ ALl
Py P WL AR 2. 5 SRR G Y e [ Ay s
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Fig.10 Reusability of hybrid lipases

R2 ARG EEENEEELIERILE

Table 2 Comparison of catalytic performance of immobilized enzymes by different methods

Immobilized Immobilization Enzyme activity e
. Immobilized enzyme performance References
enzyme method boost multiple/%
. Mic > efficient - e
Trypsin 1(’r0v;;a(:/t;:: J reren 102 Good stability and repeatability [35]
Lipas\e Tnorganic carrier 102 Excellent enantioshelectivity, high temperature resistance, [36]
r27RCL resistance to polar solvents
The thermal stability is better than that of free lipase, and the
Lipase Organic carrier 134 e thermal stability 1s . € Ter t .an t ai'n ree lipase, and the [ 37 ]
reuse rate is significantly improved
Pectinase Composte carrier 96 The composite materla% uses furfural slag as the raw material, (38 ]
which has economic value and application prospects
Aspergillus . . . . .
spergliius Nanocarriers 172 High temperature and denaturant resistance, with good reusability [22]
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Preparation and Catalytic Properties of Inorganic Hybrid Lipase

CHEN Lin-lin'", ZHANG Jia-xin', LI Wei', WANG Ling', SONG Jia-qi, XIN Jia-ying "
( 1. Key Laboratory for Food Science and Engineering, Harbin University of Commerce, Harbin 150076,

China, 2. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China )

Abstract: Lipase-inorganic hybrid nanoflowers were prepared by using lipase as the organic component and four

metal phosphates including Ca®™, Zn**, Mn™" and Cu’" as the inorganic component, and the structure and catalytic

activity of the four hybrid lipases were systematically studied. The results show that the prepared hybrid lipase has

a flower-like hierarchical lamellar structure, and the optimal catalytic conditions of inorganic hybrid lipase were

as follows: recation time 10 min, reaction temperature 40 “C, and pH=8. The encapsulation efficiency of the hybrid

lipase reaches more than 90%. Compared with free lipase, the catalytic hydrolysis activity, the catalytic reaction rate,

the temperature resistance, and the denaturant resistance of hybrid lipase were improved. The catalytic efficiency of

hybrid lipase for Ca® metal phosphate synthesis is 1.87 times that of free lipase. The synthetic hybrid lipase showed

good reusability.

Key words: lipase; metal ions; hybrid; catalytic activity



